Executive Summary: Anaerobic digestion of waste for biological methane production can be a sustainable source of renewable energy as well as an efficient waste management technique.
collection and treatment, WAS management presents an opportunity for research that can provide innovative and cost effective solutions. Among several methods including incineration and land application for handling WAS, anaerobic digestion (AD) is the most commonly used due to the potential to reduce the sludge volume and recover bioenergy during its process [2 & 3] . AD is composed of four stages; hydrolysis, acidogenesis, acetogenesis, and methanogenesis.
However, the digestion of WAS often requires long retention times of 20 -30 days to obtain only 30 -50% digestion efficiency. This is because WAS constituents are held together by a polymeric network formed by microbial extracellular polymeric substances (EPS) and cations which are resistant to the hydrolysis stage. Destruction of EPS network could promote hydrolysis and WAS biodegradability as well as enhance the dewaterability during and after anaerobic digestion. Through the use of pretreatment methods on WAS prior to AD, organic matter can be released by the destruction of the EPS network. A total COD (TCOD) solubilization of 40 to 60% can be achieved using pretreatment methods [1, [4] [5] [6] [7] . Application of pretreatments have the ability to increase biogas generation, reduce capital and operational costs through increased digestion throughput or reduced retention time and or digester footprint as well as reduce adverse environmental impacts and greenhouse gas emissions.
Significant research efforts have gone into sludge pretreatment techniques. They can be broadly classified into Biological, Thermal, Mechanical and Chemical methods. Hybrid techniques also exist, where a combination of the aforementioned methods are used to improve efficiency or reduce drawbacks. Many of these methods are characterized by intensive costs and/or negative environmental impacts. In comparison with other chemical pretreatment methods, FNA pretreatment has two major advantages: it can be produced in a sludge reject water treatment system making it an inexpensive material and it is environmentally friendly since it will be transformed to nitrogen gas in subsequent chemical reactions [8 & 9] . However, the effect of FNA pretreatment on exploiting internal carbon source contained in WAS has not been thoroughly studied. FNA is believed to accelerate the disruption of both extracellular polymeric substances and cell envelopes to form more short-chain fatty acids (SCFA) [10] .
Free Nitrous Acid (FNA) is known to oxidize cell walls which releases organic matter. Studies have shown that this biocidal agent can increase sludge internal carbon bioavailability by 50%, improve biochemical methane production and reduce sludge volume by 87% after 24 -48 hours of pretreatment [10] . However, more research is required to understand the full potential and impacts of FNA as a pretreatment for AD of Thickened WAS (TWAS).
Objectives:
The main goal of this study was to evaluate the effect of FNA pretreatment on the biodegradability of TWAS. It is intended to observe the impact of this pretreatment on the hydrolysis and methanogenesis stages in AD using solubility, VFA and biochemical methane potential (BMP) assays.
2.Methodology
TWAS was collected from Adelaide WWTP London, Ontario and the pretreatment procedure was carried out on the same day. FNA concentrations were determined using its equilibrium relationship with nitrite concentrations, pH and temperature. Nitrite was prepared by dissolving sodium nitrite in deionized water. Based on the literature, the methane production increases with increasing the FNA dose until 2.13 mg N/L, after this dose, there was no significant improvement in the process performance. For the first set of experiments, FNA concentrations ranging between 0.4 -2.8 mg N/L were investigated at a constant pH of 5.5 and contact time of 24 hours. The experiment bottles were maintained at a temperature of 25°C and constant mixing of 100 rpm. The pH was maintained and monitored over the first 12 hours using HCl. To account for pH effect, two bottles were set up without FNA; one of which was maintained at pH 5.5, the other was not adjusted. Table 1 shows the pretreatment condition for this set in which nitrite concentrations ranged from 50 mg N/L to 400 mg N/L. These conditions are presented in Table 2 . Portions of each sample were collected for analysis before and after the pretreatment procedure was conducted. Samples were filtered through 0.45 µm filter paper for the soluble parameters analysis. Liquid samples were analyzed for total solid (TS), volatile solid (VS), total suspended solid (TSS), and volatile suspended solid (VSS), using standard methods (APHA, 1998). Total, semi-soluble, and soluble chemical oxygen demand (TCOD, ssCOD, SCOD), and ammonium nitrogen (NH4-N) were measured using HACH test kits (HACH Odyssey DR/2500).
Soluble parameters were quantified after filtration with 0.45 µm filter paper (RK-02915-14, Cole-Parmer, USA). The ssCOD was measured after filtration with 1.2 µm filter paper. Volatile fatty acids (VFAs) including acetate, propionate, n-butyrate, n-valerate, iso-butyrate, and isovalerate were quantified using a gas chromatography (GC) (HP 5890 Series II, country) equipped with a Nukol fused-silica capillary column and flame ionization detector (FID). All liquid analyses were conducted in triplicates.
3.Results and Discussion
The results were normalized to per mass of VS for comparison. In the first set of experiments where pH was 5.5 and contact time was 24 hours, there was no significant change in TCOD before and after pretreatment as expected. However, the concentrations of SCOD were affected by FNA concentrations. Figure 1 mL/g COD respectively. The maximum methane production rate was observed at FNA 1.8 mg N/L of 31 mL/day. The second set of experiments featured maximum SCOD concentrations at pH 5. Table 4 . It is worthy to note that at higher nitrite concentrations, higher methane yields were observed at pH of 5.5 with same pretreatment time (see exp. # 2 and 4), however at lower pH (either 5 or 4.5), this observation was opposite i.e. at pHs of 5 or 4.5, the lower the nitrite, the higher the methane yields (compare exp. # 9 with 10 and compare exp. # 1 with 3). This observation needs further investigation. 
Conclusion
FNA pretreatment of TWAS enhances solubilization as observed in the increase in SCOD by over 100%. Biodegradability is also improved after treatment with FNA as compared to untreated TWAS by at least 20%. Further studies are required to determine the most economic pretreatment conditions for FNA pretreatment method and to study the phenomenon that was observed which led to higher methane concentration with lower nitrite addition at pH below 5.5. The effect of FNA pretreatment on the anaerobic digestibility of TWAS in a continuous stirred tank reactor (CSTR) and on the dewaterability of digested TWAS is ongoing.
